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The  sugar-beet  nematode,  Heterodera  schaditii  Schmi^7T§''Wown 
in  five  forms — -the  eggs,  which  average  about  one  three-hundredth  of 
an  inch  in  length  and  about  half  as  thick;  the  larva,  hatching- from 
the  Qgg,  a  threadlike  eehvorm  about  one-sixtieth  of  an  inch  long; 
the  adult  male,  similar  to  the  larva,  but  several  times  larger;  the 
adult  female,  a  lemon-shaped  white  body  about  one-fourth  the  size 
of  an  ordinary  pinhead  and  filled  with  eggs;  and  the  brown  cyst  or 
preservation  form,  which  in  reality  is  the  dead  body  of  the  female, 
containing  the  eggs  with  which  she  was  filled  when  death  occurred. 
In  this  brown  cyst  the  larvae  lie  dormant  in  the  eggs.  Some  hatch 
each  year  and  emerge  from  the  cyst,  but  if  no  host  plants  are  available 
they  soon  die.  This  dormant  form  enables  the  pest  to  remain  in  the 
soil  several  years,  even  when  deprived  of  its  host  plants. 

While   engaged  in   a  sugar-beet   nematode   survey   of   the   beet- 

f rowing  sections  of  Utah,  fields  were  found  which  because  of  former 
eet-crop  failures  the  owners  suspected  were  infested  with  the 
nematode.  Upon  examining  soil  samples  from  these  fields  this  was 
found  to  be  true  in  many  instances.  In  making  these  examinations 
it  was  observed  that  there  was  apparently  a  decrease  in  the  number 
of  eggs  remaining  in  the  cysts  corresponding  to  the  number  of  years 
the  land  had  not  been  planted  with  sugar  beets. 

In  order  to  secure  data  on  this  point  17  fields  were  selected  which 
had  not  been  planted  with  beets  for  periods  of  1  to  12  years.  Three 
other  infested  fields  that  followed  no  rotation  system  were  used  as  a 
check  against  those  which  had  a  crop  rotation.  Soil  samples  were 
taken  from  various  parts  of  these  fields  and  washed  through  a  series 
of  screens,  the  cysts  being  caught  on  the  screens  having  20,  40,  and 
60  meshes  per  inch,  together  Avith  a  small  quantity  of  other  material 
of  similar  size. 

'  Credit  should  be  given  to  George  Q.  Bateman  and  Charles  Price  for  their  services  in  gathering  and 
examining  material  and  to  Miss  Mary  Albaugh  for  her  assistance  in  preparing  and  examining  the  cysts. 
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The  cysts  collected  were  then  examined  under  a  binocular  micro- 
scope to  determine  the  approximate  percentage  of  e^gs  remaining 
in  them.  A  count  of  those  in  200  full  cysts  gave  a  variance  in  num- 
bers from  53  to  653,  with  an  average  of  280  eggs  per  cyst.  Therefore, 
in  estimating  the  percentage  of  eggs  remaining  in  the  cysts  an  allow- 
ance was  made  for  the  size  of  the  cyst  and  the  probable  approximate 
number  of  eggs  originally  contained  in  it.  These  cysts  were  then 
arranged  in  six  groups  according  to  their  contents,  as  shown  in 
Table  1;  viz,  100,  90,  75,  50,  and  25  per  cent,  and  empty.  The  90 
per  cent  group  was  made  because  there  were  many  cysts  from  which 
a  few  eggs  had  hatched,  and  they  could  scarcely  have  been  placed 
in  the  100  or  75  per  cent  class.  Below  abaut  90  per  cent  it  was 
found  impossible  to  estimate  the  contents  closer  than  the  groups 
given.  In  the  25  per  cent  group  all  cysts  were  placed  which  had  any 
eggs  remaining  in  them.  This  accounts  for  the  size  of  that  group, 
since  it  included  all  the  cysts  having  about  30  per  cent  or  less  of  the 
eggs  remaining. 

There  were  many  cysts  with  only  a  few  eggs  remaining  in  them, 
and  it  is  doubtful  whether  some  of  them  would  ever  have  hatched, 
because  of  some  physical  reason,  such  as  the  toughness  of  the  shell, 
the  position  of  the  larv83  in  the  egg,  or  some  unknown  condition  that 
prevented  the  larva  from  emerging.  There  is  also  a  possibihty  that 
in  some  of  these  the  larvae  were  dead,  although  the  eggs  in  such  cases 
were  always  examined  to  determine  whether  the  larvge  were  alive. 
The  dead  larvae  could  easily  be  distinguished  by  the  fact  that  they 
did  not  relax  and  straighten  out,  as  the  live  ones  invariably  do  when 
the  e^gs  are  broken  open.  Many  cysts  were  found  in  which  all  the 
remaining  larvae  were  dead,  and  these  were  classed  as  empty. 

The  relative  proportions  of  empty  cysts  to  those  containing  eggs 
from  the  various  fields  were  extremely  variable  quantities  which 
there  was  no  accurate  method  of  checking.  The  cyst  or  body  wall 
of  the  female  is  composed  of  a  cutinous  material  that  is  very  inde- 
structible, and  the  empty  cysts  accumulate  in  the  soil  according  to 
the  length  and  severity  of  the  infestation.  Some  of  the  fields  had 
doubtless  been  infested  for  8  or  10  years  before  beet  growing  was 
given  up  b}^  the  owners,  and  such  fields  contained  far  more  empty 
cysts  than  those  which  had  been  infested  only  a  few  years.  By  care- 
ful fertilization,  irrigation,  and  cultivation  beets  were  occasionally 
grown  on  severely  infested  land,  and  in  such  instances  the  nema- 
todes increased  to  enormous  numbers;  in  one  such  year  many  more 
cysts  would  develop  than  in  several  years  if  the  beets  were  killed 
out  early  in  the  season,  as  is  usually  thejcase  on  infested  land.  Field 
1  in  Table  1  shows  such  conditions,  39  per  cent  of  the  cysts  examined 
being  full  of  eggs.  An  average  yield  of  12^  tons  was  harvested 
from  this  field,  even  the  severely  infested  areas  producing  medium- 
sized  beets.  As  a  rule,  these  areas  spread  from  the  initial  points  of 
infestation  rather  slowly,  so  that  it  is  possible  to  secure  irom  the 
same  field  soil  samples  which  vary  greatly  in  the  proportion  of  cysts 
which  are  empty  to^hose  that  contain  e^gs.  For  this  reason  soil 
samples  were  selected  from  many  parts  of  tlie  field,  in  order  to  secure 
something  of  an  average  of  the  numbers  existing  over  the  whole 
field. 
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Table  1. — Brown  cysts  examined  and  grouped  according  to  the  approximate  percentages 

of  eggs  remaining  in  them. 


Field. 


Years  in 
rotation.' 


Number  of  brown  cysts  examined. 


Year 

sampled. 


Percentage  groups. 


100 


No.  1. 
No.  2. 
No.  3. 

No.  4. 
No.  5. 

No.  4. 
No.  6. 
No.  7. 
No.  8. 
No.  9. 

No.  10 
No.  11 

No.  12 

No.  10 
No.  11 

i  No.  12 

i  No.  13 

No.  14 

No.  13 

No.  14 
No.  15 

No.  16 

No.  17 

No.  is 

No.  19 

No.  20 

.   No.  21 


0 
0 
0 

1922 
1922 
1922 

1 
1 

1920 
1921 

2 
2 
2 
2 
2 

1921 
1921 
1921 
1921 
1920 

3 
3 
3 

1921 
1921 
1921 

4 

4 
4 
4 
4 

1922 
1922 
1922 
1921 
1921 

5 
5 
5 

1922 
1922 
1921 

6 

1921 

7 
7 

1921 
1921 

10 

1921 

11 

1921 

12 

1921 

93S 
292 
'196 

208 
0 


Empty.       Total. 


101 
75 
43 

341 
4 

24 
6 

8 
5 


iimpiy. 

75 

50 

25 

141 

139 

216 

905 

119 

81 

132 

397 

40 

45 

72 

779 

494 

844 

1, 618 

1,372 

8 

11 

31 

62 

33 

37 

99 

1,000 

5 

6 

22 

354 

10 

19 

64 

1,0G0 

14 

17 

63 

1,027 

15 

35 

65 

366 

104 

228 

725 

1,577 

11 

15 

122 

665 

1 

14 

39 

341 

3 

5 

14 

366 

2 

5 

17 

1,019 

1 

1 

5 

1,000 

0 

8 

39 

414 

7 
6 

11 

38 
17 

806 
664 

12 

2 

1 

13 

801 

4 

24 

166 

854 

4 

2 

25 

2,637 

0 

0 

2 

3,648 

0 

4 

19 

54^ 

5 

4 

25 

617 

0 

0 

9 

1,609 

4 

7 

31 

4,713 

2,440 
1,096 
1,175 

4,877 
116 

1,193 

393 

1,101 

1,126 

492 

2,648 
822 
395 


1,044 

1,009 

461 

862 

701 

819 

1,048 


3,651 
572 

651 

1,618 

4,755 


1  No  fields  were  found  with  8-year  and  9-year  rotations. 

Table  1  shows  what  is  probably  a  close  approximation  to  the 
greatest  length  of  the  dormancy  period  of  the  sugar-beet  nematode 
under  ordinary  farming  conditions  in  Utah.  It  will  be  noted  that 
there  is  an  almost  regular  decrease  in  the  percentage  of  eggs  con- 
tained in  the  cysts  until  the  end  of  the  sixth  year,  when  the  greater 
part  of  them  have  hatched.  This,  no  doubt,  closely  marks  the  limit 
of  the  dormancy  period.  Unfortunately,  the  6-year  field  was  not 
found  until  late  in  the  season  and  therefore  nothing  is  known  of  the 
numbers  of  eggs  in  the  cysts  at  the  beginning  of  the  year.  Fields  13 
and  14  were  in  a  section  where  it  will  be  observed  these  fields  showed 
more  cysts  with  eggs  the  fifth  year  than  were  found  in  them  the 
fourth  year.  The  percentages  shown  above  the  heavy  zigzag  line 
in  Table  1  doubtless  include  practicall}^  all  cysts  containing  eggs 
when  the  crop  rotations  were  begun.  Those  below  the  zigzag  line 
probably  show  those  individuals  which  have  developed  on  weeds. 

The  possibility  of  nematodes  living  over  on  the  crops  grown  was  care- 
fully studied,  microscopic  examinations  being  made  of  the  roots  of  the 
plants  from  areas  which  were  found  to  be  heavily  infested.  Various 
crops  had  been  growm  on  the  different  fields,  including  alfalfa,  wheat, 
oats,  barley,  corn,  potatoes,  and  tomatoes,  but  not  in  a  single  instance 
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were  the  nematode  larvae  found  living  in  the  roots  or  the  females 
developing  upon  them.  Most  of  these  plants  have  been  reported  as 
host  plants  in  Europe,  but  apparently  this  does  not  hold  true  in  the 
section  studied.  However,  nematodes  were  found  living  in  con- 
siderable numbers  on  the  roots  of  mustards  {Brassica  spp.),  lamb's- 
quarters  or  pigweed  {CJienovodium  album),  laiotweed  {Polygonum 
minimum),  saltweed  or  alkali  weeds  {Atriplex  spp.),  and  rarely  on 
purslane  {Portulaca  oleraced)  and  two  unidentified  weeds.  The 
prevalence  of  nematodes  on  these  weeds  varied  in  different  localities, 
but  whether  it  was  a  seasonal  difference,  a  soil  or  moisture  condition, 
or  due  to  some  other  factor  was  not  determined.  In  some  localities 
there  is  also  a  possibility  that  certain  types  of  nematodes  have 
developed  which  can  live  on  these  weeds.  That  this  development  is 
possible  seems  borne  out  by  the  fact  that  in  two  fields  considerable 
numbers  were  found  three  years  in  succession  on  CJienopodium  album, 
while  in  other  fields  rarely  and  in  most  cases  never  were  they  found 
under  conditions  that  apparently  were  very  similar.  That  such 
strains  of  Heterodera  schachtii  may  exist  has  been  proved  by  European 
investigators,  e.  g.,  Nillson  Ehle  found  a  strain  that  infects  barley 
only.  Part  of  the  soil  samples  were  collected  from  heavily  sodded 
areas  where  weeds  had  had  no  opportunity  to  grow  for  some  time. 
After  the  sixth  year  the  cysts  from  these  samples  rarely  contained 
eggs,  while  those  from  samples  taken  in  open  places  between  sodded 
areas  where  weeds  might  have  grown  sometimes  contained  cysts  that 
were  full  or  partly  full  of  eggs.  In  fact,  it  would  be  possible  to  omit 
two  or  three  samples  from  each  field  and  eliminate  practically  all  the 
cysts  containing  eggs  the  percentages  of  which  appear  below  the 
heavy  zigzag  line  in  Table  1. 

In  some  of  the  fields  the  soil  samples  were  collected  in  heavy  tin 
tubes  having  a  cross  section  of  one-millionth  of  an  acre  and  were 
taken  from  6  to  30  inches  deep,  most  of  them  being  12  inches.  The 
numbers  of  cysts  from  such  samples  varied  from  none  to  1,187,  the 
average  being  about  200.  The  number  of  cysts  per  acre,  as  estimated 
from  the  various  samples,  ranged  from  34  to  443  million.  Estimat- 
ing the  numbers  of  eggs  per  acre,  or  the  potential  population  of  the 
remaining  Heterodera  schachtii  in  the  soil  in  millions  they  were  as 
follows:  No  rotation,  256,506,  73,504,  and  42,824;  1  year,  31,125;  2 
years,  1,574  and  5,140;  3  years,  300  and  974;  4  years,  181;  5  years, 
1,425. 

From  the  above  facts  it  is  evident  that  there  is  little  or  no  possi- 
bility of  eradicating  the  sugar-beet  nematode  from  the  soil  by  any 
method  of  crop  rotation  applicable  to  general  farm  practice.  Some 
weeds  are  invariably  found  in  the  best  cared  for  fields,  and  there  is 
also  a  possibility  that  in  some  instances  they  live  over  on  the  crop 

frown  in  the  rotation,  although  at  present  the  evidence  does  not 
ear  this  out.  The  only  crops  upon  which  the  nematode  has  been 
found  living  in  Utah  are  cabbage,  cauhflower,  turnips,  and  beets  of 
other  varieties.  A  rotation  must  be  used  which  will  build  up  the 
fertility  of  the  soil  and  at  the  same  time  allow  the  cleanest  culture 
possible.  One  crop  of  sugar  beets  can  be  produced  after  such  a 
rotation,  but  the  nematode  will  increase  sufficiently  in  one  year  to 
damage  a  second  crop  severely. 

One  of  the  interesting  points  brought  out  in  examining  the  cysts 
was  that  there  is  no  apparent  difference  in  the  number  of  eggs  which 
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hatch  in  relation  to  the  crop  planted.  In  the  2-7ear  rotation  soil 
samples  were  selected  from  five  fields,  and  examination  gave  the 
percentages  shown  in  Table  2. 

.   Table  2. — Percentages  of  eggs  remaining  in  the  cysts. 


Crop. 

Number  of  brown  cysts  examined. 

Tercentage  groups. 

Empty. 

Total. 

100 

90        1        75 

! 

50 

2.5 

Alfalfa 

0 
0 
0 
0 
2 

24 
6 
8 
5 
8 

3.3 

ll 

14 
15 

37 
6 
19 
17 
35 

99 

1,000 

1,193 

Wheat 

22 
64 
63 
65 

3.54 
1,000 
1,027 

366 

393 

Potatoes 

1,101 

Alfalfa 

1,126 

"Wheat         .          
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